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Sickle cell anaemia is an autosomal recessive genetic condition producing abnormal haemoglobin HbS molecules that result
in stiﬀ and sticky red blood cells leading to unpredictable episodes of microvascular occlusions. The clinical and radiological
manifestations of sickle cell anaemia result from small vessel occlusion, leading to tissue ischemia/infarction and progressive end-
organ damage. In this paper we discuss and illustrate the various musculoskeletal manifestations of sickle cell disease focusing
primarily on marrow hyperplasia, osteomyelitis and septic arthritis, medullary and epiphyseal bone infarcts, growth defects, and
soft tissue changes.
1.Introduction
Sickle cell anaemia is an autosomal recessive genetic con-
dition due to a mutation in the beta-globin gene resulting
in replacement of glutamic acid in position 6 of the beta-
globinchainbyvalineresultinginanabnormalhaemoglobin
HbS molecule. The term sickle cell disease applies to those
patients who have at least one abnormal HbS chain and
another abnormal beta chain. If the second abnormal
chain is also an HbS chain then the patient is considered
to be homozygous Hb SS-deﬁned as sickle cell anaemia.
Alternatively, other abnormal haemoglobin chains like Hb C
or thalassemia result in Hb SC and Hb S-thal, respectively.
The combination of an abnormal HbS chain and a normal
beta-globin chain is called sickle cell trait.
The abnormal HbS protein chain polymerizes reversibly
in deoxygenated environment into a gelatinous network of
ﬁbrous polymers that stiﬀen the RBC membrane, increases
the viscosity, and causes dehydration resulting in a sickle
shape. These abnormal cells lose there pliability and are
abnormally sticky provoking unpredictable episodes of
microvascular occlusions and premature haemolysis. The
clinical and radiological manifestations of sickle cell anaemia
are manifold; however, pathophysiologically all of them
result from rigid adherent cells cogging small vessels, leading
to tissue ischemia/infarction and gradual end-organ damage.
In this paper we discuss and illustrate the various
musculoskeletal manifestations of sickle cell disease. For the
beneﬁt of the reader we have subdivided the paper into the
following sections.
2. Marrow Replacement and Hyperplasia
In a normal healthy adult haematopoietic red marrow is
found in the axial skeleton (spine, sternum, pelvis, ribs,
a n dp r o x i m a ll o n gb o n e s )w i t hy e l l o wm a r r o wc o n v e r s i o n
in the rest of the appendicular skeleton. As the sickle cell
patient is chronically anaemic there is persistence of red
marrow in both the axial and appendicular skeleton into
adulthood together with bone marrow hyperplasia. On T1W
MRI, normal fatty marrow shows high signal intensity, while
haematopoietic red marrow is low in signal (Figures 1(a) and
1(b)).Marrowhyperplasiaresultsinwideningofthemedulla
and subsequent cortical thinning, resulting in coarsening of
the normal trabecular pattern with loss of corticomedullary
diﬀerentiation in both long and ﬂat bones (Figure 2). This
process may also cause the bone to appear osteopaenic and
make the bone prone to softening and fracture [1]. The best
example of bone softening is seen in the vertebral bodies,
where the end plates assume a smooth concavity described
as ﬁsh mouth vertebra (Figure 1(a)).2 Anemia
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Figure 1:(a)showsaT1WsagittalMRIspineofapatientwithsicklecellanaemiawithdiﬀuselowsignalfromthevertebralbodiesconsistent
with hyperplastic haematopoietic red marrow replacing the normal bright fatty marrow. Note smooth concavity of the vertebral endplates
at multiple levels from bone softening (ﬁsh mouth vertebra). Normal appearance of marrow is depicted on (b) for comparison.
R
Figure 2: Chest radiograph showing coarsening of trabecular pattern with loss of corticomedullary diﬀerentiation of the ribs subject to
haematopoietic marrow replacement in a patient with sickle cell disease. Note avascular necrosis involving the humeral heads bilaterally
and colonic gas replacing splenic shadow in the left upper quadrant (secondary sign of autosplenectomy/small spleen subject to previous
infarcts).Anemia 3
Figure 3: Plain radiograph of the hand of a patient with sickle cell anaemia showing patchy lucency and associated soft tissue swelling
consistent with osteomyelitis of the middle phalanx of the index ﬁnger.
Although less common in sickle cell disease, widening
of the diploic space in the skull results in “hair on end”
appearances, which is classically described in other forms of
haemoglobinopathy-like thalassemia [2].
A further form of marrow hyperplasia is extramedullary
haematopoiesis (although this is relatively uncommon in
sickle cell anaemia, being more usually associated with
sickle cell variants like HbS-thal, hereditary spherocytosis
and thalassemia) [3]. Potential sites include the liver and
spleenandparaspinalsofttissues.Rarerlocationsincludethe
middle ear [4]. Radionuclide imaging with sulphur colloid
imaging can conﬁrm the haematopoietic nature of these
masses [5]. Foci of extramedullary haematopoiesis are seen
as well deﬁned focal mass lesions and show intermediate
signal weighting on T1 and T2 weighted MR images and are
of soft tissue attenuation at CT [1].
Patients with sickle cell anaemia who have received
multiple transfusions may develop secondary haemosidero-
sis, with excess iron collecting in the reticuloendothelial
system. Classically it shows diﬀuse low signal on T2W
gradient echo images, involving the liver and spleen, subject
to the increased sensitivity of GRE images to magnetic
susceptibility artefact of Iron.
3. Osteomyelitis
Osteomyelitis occurs in 18% while septic arthritis occurs
in 7% of patients with sickle cell disease according to a
study [6]. Patients with sickle cell anaemia have an increased
incidence of septic arthritis and osteomyelitis as compared
to the general population due to the abnormal red blood
cells reducing ﬂow in the small vessels, resulting in relative
ischemic zones [7]. The body’s own immunological response
is less eﬀective in areas of impaired vascularity. Hypos-
plenism due to autosplenectomy also results in a degree
of immunocompromise. Osteomyelitis is most common in
the diaphyses of long bones [8]. There is an increased
incidence of salmonella osteomyelitis in sickle cell patients
[9], where it is believed to be the most common pathogen:
staph. aureus being the second most common organism
[9].
The classical clinical ﬁndings of pain, fever, and raised
inﬂammatory markers can also be seen in infarction, which
can cause diagnostic diﬃculty [3].
Plain ﬁlm ﬁndings of osteomyelitis include osteopae-
nia, periosteal reaction with or without associated cortical
destruction, sinus tract formation, and soft tissue extension
(Figure 3). Features such as osteopaenia and periosteal
reaction are not speciﬁc to osteomyelitis and can also be seen
in acute bone infarction. As in osteomyelitis in nonsickle
cell patients, the plain ﬁlm ﬁndings lag behind the clinical
picture and the plain ﬁlm may be normal for up to 10 days
[1]. Isotope bone scan and labelled white cell scans may
be helpful, with triple phase bone scan showing increased
activity in all 3 phases [1]. Labelled white cell scans can show
increased uptake in infection with reduced uptake in areas of
infarction, but the diﬀuse marrow abnormality present can
hinder interpretation (Figure 4)[ 10, 11].
MR scanning is the preferred method of assessment
[3]. On T2 weighted images, areas of osteomyelitis will
be of increased signal intensity [12]. On T1 weighting,
osteomyelitis is of low signal intensity (although areas of
red marrow will also be of low signal intensity). Focal
ﬂuid collections and associated soft tissue abnormalities can
also be demonstrated. Osteomyelitis will also show areas of
enhancement postgadolinium. This will tend to be more
diﬀuse than in infarction. Rim enhancement may also be
seen but is not speciﬁc as it is also seen in bone infarction
[13]. Soft tissue enhancement is again not speciﬁc for
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Figure 4: (a) In111 WBC and Tc99m colloid scan images in a patient with sickle cell anaemia showing abnormal increased activity in the
distal left humerus on the WBC scan (white arrows) consistent with osteomyelitis. (b) Note also that multiple photopenic areas in the splenic
tissue, seen on both WBC and colloid images (thick white arrows) suggest multiple splenic infarcts.
In the spine particularly, high signal is seen on T2
weighted images in the aﬀected disc or vertebral body in
the case of infective discitis and vertebral osteomyelitis
with enhancement of the abnormal areas postgadolinium
injection (Figures 5(a), 5(b) and 5(c)).
As well as osteomyelitis, patients with sickle cell disease
have an increased incidence of septic arthritis [1]. Joint
eﬀusion will be seen (although this can also be seen with
bone infarction). Ultrasound may be used to conﬁrm or
refute the presence of eﬀusion and also to guide joint
aspiration. MR may also demonstrate joint ﬂuid. Synovium
enhances vividly postgadolinium and there may be bone
marrow oedema surrounding the joint.
4. Bone Infarcts: Epiphysealand Medullary
Abnormal red cell shape blocking capillaries result in bone
infarction in both the diaphyses, causing medullary infarcts
and in the epiphyses, causing the appearances of avascular
necrosis. This can present as the classical painful bone crisis.
Medullary bone infarcts are far more common than
osteomyelitis in patients with sickle cell disease [14], butAnemia 5
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Figure 5: (a), (b), and (c) T2W sagittal, T1W axial and sagittal postgadolinium images in a patient with sickle cell anaemia, showing high
signal in the anterior aspect of the L4/5 disc on T2W sequence (thin arrow) and enhancement on the post contrast images (thick arrows)
consistent with discitis.
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Figure 6: (a), (b) and (c) T1W sagittal, T2W sagittal, and coronal MRI knee in a patient with sickle cell anaemia showing, low signal change
on T1W images with corresponding areas of solid and serpiginous high signal change on T2W sequence consistent with medullary infarcts
involving the femur and tibia.
clinicaldiﬀerentiationcanbediﬃcult[7].Initialradiographs
are usually normal with an acute infarction [12]. Later ﬁlms
show patchy lucency, possibly with periosteal reaction [3].
As the condition becomes more chronic sclerosis develops.
Bone scintigraphy may show initial photopenia, but as the
bone revascularises uptake may return to normal or even
be increased. This makes interpretation of the radioisotope
imaging diﬃcult as the relevance of the imaging ﬁndings
is related to the length of time since the infarction [1]. On
T2 weighted MR scanning, infarction is seen as an area of
high signal intensity (as in osteomyelitis) [13]. Infarcts may
also show peripheral enhancement postgadolinium and soft
tissue change, further complicating diagnosis [15] (Figures
6(a), 6(b),a n d6(c)).
A further pattern of bone infarction is involving the
epiphysis. This is more usually referred to as avascular
necrosis(Figures2,7,8,and9).Again,initialradiographsare
normal. Later typical appearances of sclerosis, subchondral
collapse, and ﬂattening can be appreciated. It is stated that
about 40% of patients with sickle cell disease would develop
AVN by their mid 50s [16]. T2 weighted MR scanning
shows high signal intensity (fat suppressed sequences are
particularly sensitive). A serpiginous low signal intensity
line is classically seen. As the necrosis progresses, sclerosis
develops, and there is collapse of the aﬀected epiphysis
(Figures 10(a), 10(b),a n d10(c)).
In the spine, AVN of the end plate produces a sharp
central step in the vertebral body end plate, causing the6 Anemia
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Figure 7: Plain radiograph of the pelvis showing sclerosis of the left femoral head consistent with avascular necrosis. Note total hip
replacement due to premature secondary osteoarthritis secondary to avascular necrosis on the right.
L
Figure 8: Plain radiograph of the pelvis in another patient with sickle cell anaemia more advanced avascular necrosis with sclerosis and
subchondral collapse of the right femoral head. Less severe changes are seen on the left.
H-shaped vertebra (Figures 11(a) and 11(b)). This can be
easily diﬀerentiated from the smooth concavity seen with
bone softening.
In children, infarction within the small bones of the
hand and feet result in painful dactylitis termed “hand-foot”
syndrome; as red marrow does not persist in the hands and
feetintolaterchildhood,thesyndromeisnotseeninchildren
beyond the age of 5 [17]. It presents with painful extremities
and radiologically shows soft tissue swelling, periosteal new
bone, and patchy areas of sclerosis and lucency [1].
5. Soft TissueAbnormalities
Occlusion of vessels leads to inﬂammation and myonecrosis
resulting in areas of ﬂuid collection, haematoma, infarction,
or abscess formation in the muscles. Abnormal areas show
high signal on T2 weighted and ﬂuid sensitive sequences
on MRI. Areas of infection can occur independently or in
conjunction with osteomyelitis where it again shows high
signal on T2 weighted images and postgadolinium ring
enhancement [1].Anemia 7







Figure 10: (a), (b), and (c) T1W coronal, T2FS (fat saturated) coronal and T1W sagittal MRI of the pelvis and right hip of a patient with
sickle cell anaemia. Advanced avascular necrosis with subchondral collapse is seen superiorly in the femoral heads as evidenced by low signal
areasonbothT1WandT2Wimages.Additionalareasofhighsignal,particularlyintherightfemoralneckontheT2FSimagesdepictfurther





Figure 11: (a) and (b) AP and lateral plain radiographs of the lumbar spine showing sharp end plate depressions due to central end-plate
infarction resulting in classic H-shaped vertebrae. On the other hand bone softening results in smooth concavity described as ﬁsh mouth
vertebra.Alsonotecholecystectomyclipsfromprevioussurgeryforpigmentedstonesandpatchysclerosisofthepelvicbonesfrommedullary
infarction.
Leg ulcers are also common, particularly over bony
prominences subject to tissue ischemia.
6. GrowthEffects
Patients with sickle cell anaemia have reduced height [18].
This is believed to be due to bone marrow hyperplasia [7].
Bones are generally shorter due to epiphyseal shortening
subject to ischemia/infarction and vascular compromise to
the growth plate. Premature closure of growth plates also
occurs.
References
[1] V. C. Ejindu, A. L. Hine, M. Mashayekhi, P. J. Shorvon, and
R. R. Misra, “Musculoskeletal manifestations of sickle cell
disease,” Radiographics, vol. 27, no. 4, pp. 1005–1021, 2007.
[2] J. I. Sebes and L. W. Diggs, “Radiographic changes of the skull
in sickle cell anemia,” American Journal of Roentgenology, vol.
132, no. 3, pp. 373–377, 1979.
[3] G. J. Lonergan, D. B. Cline, and S. L. Abbondanzo, “From the
archivesoftheAFIP:sicklecellanemia,”Radiographics,vol.21,
no. 4, pp. 971–994, 2001.
[ 4 ] E .L .A p p l e b a u ma n dA .F r a n k e l ,“ E x t r a m e d u l l a r y
hematopoiesis of the middle ear,” American Journal of
Otolaryngology, vol. 10, no. 4, pp. 287–290, 1989.
[5] F.L.Datz and A.Taylor, “Theclinical useofradionuclide bone
marrowimaging,”SeminarsinNuclearMedicine,vol.15,no.3,
pp. 239–259, 1985.
[6] J. Bahebeck, R. Atangana, A. Techa, M. Monny-Lobe, M.
Sosso,andP.Hoﬀmeyer,“Relativeratesandfeaturesofmuscu-
loskeletal complications in adult sicklers,” Acta Orthopaedica
Belgica, vol. 70, no. 2, pp. 107–111, 2004.
[7] A. Almeida and I. Roberts, “Bone involvement in sickle cell
disease,” British Journal of Haematology, vol. 129, no. 4, pp.
482–490, 2005.
[ 8 ]J .E .S t a r k ,C .M .G l a s i e r ,R .D .B l a s i e r ,J .A r o n s o n ,a n dJ .
J. Seibert, “Osteomyelitis in children with sickle cell disease:
early diagnosis with contrast-enhanced CT,” Radiology, vol.
179, no. 3, pp. 731–733, 1991.
[ 9 ]M .W .B u r n e t t ,J .W .B a s s ,a n dB .A .C o o k ,“ E t i o l o g yo f
osteomyelitis complicating sickle cell disease,” Pediatrics, vol.
101, no. 2, pp. 296–297, 1998.
[10] C. J. Palestro, C. Love, G. G. Tronco, M. B. Tomas, and
J. N. Rini, “Combined labeled leukocyte and technetium
99m sulfur colloid bone marrow imaging for diagnosing
musculoskeletal infection,” Radiographics,v o l .2 6 ,n o .3 ,p p .
859–870, 2006.
[11] C. J. Palestro, P. Roumanas, A. J. Swyer, C. K. Kim, and S.
J. Goldsmith, “Diagnosis of musculoskeletal infection using
combined In-111 labeled leukocyte and Tc-99m SC marrow
imaging,” Clinical Nuclear Medicine, vol. 17, no. 4, pp. 667–
670, 1992.
[12] G. Madani, A. M. Papadopoulou, B. Holloway, A. Robins,
J. Davis, and D. Murray, “The radiological manifestations of
sickle cell disease,” Clinical Radiology, vol. 62, no. 6, pp. 528–
538, 2007.
[13] H. Umans, N. Haramati, and G. Flusser, “The diagnostic
role of gadolinium enhanced MRI in distinguishing betweenAnemia 9
acute medullary bone infarct and osteomyelitis,” Magnetic
Resonance Imaging, vol. 18, no. 3, pp. 255–262, 2000.
[14] K. Keeley and G. R. Buchanan, “Acute infarction of long bones
in children with sickle cell anemia,” Journal of Pediatrics, vol.
101, no. 2, pp. 170–175, 1982.
[15] V. Bonnerot, G. Sebag, M. De Montalembert et al.,
“Gadolinium-DOTA enhanced MRI of painful osseous crises
in children with sickle cell anemia,” Pediatric Radiology, vol.
24, no. 2, pp. 92–95, 1994.
[ 1 6 ] H .E .W a r e ,A .P .B r o o k s ,R .T o y e ,a n dS .I .B e r n e y ,“ S i c k l ec e l l
diseaseandsilentavascularnecrosisofthehip,”JournalofBone
and Joint Surgery, vol. 73, no. 6, pp. 947–949, 1991.
[17] S. S. Babhulkar, K. Pande, and S. Babhulkar, “The hand-foot
syndrome in sickle-cell haemoglobinopathy,” Journal of Bone
and Joint Surgery, vol. 77, no. 2, pp. 310–312, 1995.
[18] O. S. Platt, W. Rosenstock, and M. A. Espeland, “Inﬂuence of
sickle hemoglobinopathies on growth and development,” New
England Journal of Medicine, vol. 311, no. 1, pp. 7–12, 1984.